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HYBRID OPERATION

Surface detectors (SD)
“statistical power” ~ 100% duty cycle
Fluorescence detectors (FD)
Complementary view ~ 13% duty cycle

Hybrid operation:
improves precision of

energy/angular calibration,
consistency tests, etc.




SD Air Shower Reconstruction
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SEARCH FOR LARGE-SCALE ANISOTROPIES
MOTIVATION

Large-scale structure in the distribution of arrival directions
may help understand nature and origin of UHECRs

Could signal galactic-extragalactic transition

Escape of galactic CRs at EeV energies might generate dipole pattern.
Amplitude model-dependent, may be few %.

Excess along a plane could manifest as a quadrupole pattern
(e.g. galactic disk at EeV energies, supergalactic plane at highest energies)

Extragalactic isotropic CRs may generate small dipole due to our motion
(Compton-Getting effect, observed at lower energies, expected below 1%)

Dipole in the Inhomogenous nearby galaxy distribution may manifest
also below trans-GZK energies




SUBTLE DETECTOR EFFECTS MUST BE UNDER CONTROL
FOR %-LEVEL DIPOLE SEARCHES
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TWO METHODS

1) Eirst harmonic analysis in right ascension a

benefits from almost uniform exposure in right-ascension

E > 1 EeV: Rayleigh [(x)=1,(1+rcos(ax — @) +-.).
Standard Fourier analysis b
weighted by exposu¥e r=1\/a*+ b*. P = arctana
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Removes direction-independent systematics (but reduced sensitivity)

rsin(o® — @)

2) Dipole (and quadrupole) patterns

as a function of both Right Ascension
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First-Harmonic analysis in Right Ascension

SD Data: 1 January 2004 — 31 December 2012
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Astropart. Phys. (2011)

First-Harmonic analysis in Right Ascension

DIPOLE PHASE
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First-Harmonic analysis in Right Ascension
EQUATORIAL DIPOLE AMPLITUDE
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3 bins above 1 EeV
have isotropic probability < 1%




Equatorial dipole amplitude

First-Harmonic analysis in Right Ascension

DIPOLE UPPER LIMITS
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EeV energies: bounds are relevant to constrain models in which
ankle is signature of galactic-extragalactic transition

or in which a dominant galactic component extends to the highest energies

Highest energies: inhomogenous “local” LSS has dipole term that may
manifest (with reduced amplitude and distorted by magnetic effects)
even below trans-GZK energies



SEARCH FOR DIPOLE AND QUADRUPOLE PATTERNS
As a function of both right ascension and declination

First-Harmonic analyses in Right Ascension benefit from almost uniform
exposure of ground-based and high duty-cycle Observatories

But are not sensitive to a dipole component along the Earth's rotation axis
Full multipole analysis:
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Sky-maps of significances (60° smoothing)
excess/deficit relative to isotropic expectations
and direction of fitted dipole
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DATA: 1 January 2004 — 31 December 2011 SD 1500 m array — Zenith < 55°
ApJL and ApJS (2013)



Amplitude, r

DATA: 1 January 2004 — 31 December 2012

FIT TO A DIPOLE PATTERN
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Hints of a dipole
Consistent with results of
first-harmonic measurements in
Right-Ascension only



Amplitude, A,

FIT TO DIPOLE + QUADRUPOLE
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UPPER LIMITS (99%CL)

Constrain galactic origin of light component
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MODEL.: stationary, uniformly distributed isotropic sources in the galactic disk

regular disk (BSS) and halo (A) galactic field + Kolmogorov turbulent component



FULL-SKY SEARCH ABOVE 10 EeV
(Joint Auger — TA project, ongoing)

UNAMBIGOUS measurement of multipoles requires full-sky coverage

Ongoing joint Auger-TA project to combine data from two hemispheres
and measure dinole above 10 EeV with full-sky coverage
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SUMMARY/OUTLOOK

UPDATED UPPER LIMITS ON DIPOLE AND
QUADRUPOLE PATTERNS

Challenge to models with a galactic light component at EeV energies
(measurements suggest light composition around 1 EeV)

HINTS OF LARGE-SCALE ANISOTROPY

Constant phase of first-harmonic in right ascension in independent
energy ranges points to ~ 270° (GC direction) below 1 EeV

and ~ 90° at higher energies
Ongoing test with independent data

Dipole amplitudes with isotropic probability < 1%

in some energy ranges
Must be scrutinized with further data

JOINT AUGER - TA FULL SKY ANALYSIS

In progress



First-Harmonic analysis in Right Ascension
DIPOLE PHASE

Midterm status of the test with independent data
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